Pulmonary opacities/nodules are common findings on computed tomography examinations, which may represent an underlying infections or malignancy. However, not every pulmonary nodule or opacity represents malignancy or infection. We present a pictorial essay illustrating common as well as obscure noninfectious, nonmalignant pulmonary lesions. Lesions discussed include organizing pneumonia, Langerhans cell histiocytosis, pulmonary amyloidosis, hyalinizing granuloma, tumourlet (benign localized neuroendocrine cell proliferations), atypical alveolar hyperplasia, inflammatory myofibroblastic tumour, papillary alveolar adenoma, plasma cell granuloma, juvenile xanthogranuloma, and sclerosing hemangiomas. We discuss the clinical presentation, prevalence, radiographic clues, pathology, and diagnostic pitfalls of these rare lesions.
Indistinct pulmonary opacities and pulmonary nodules are very common findings on computed tomography (CT) studies. Studies have estimated that pulmonary nodules are seen in up to 51% of smokers aged 50 years old or older [1] . Moreover, with the implementation of new more sophisticated of CT scanners, smaller nodules are being detected with a greater frequency, with identification of nodules and opacities as small as 1-2 mm. The mainstay of the radiologist is to determine the clinical importance of indistinct opacities and pulmonary nodules, and determine which represent early malignancy necessitating surgical biopsy/intervention [1] . However, not every pulmonary opacity represents a potential pulmonary malignancy.
A small minority of pulmonary opacities and nodules represents distinct entities, which are separate from infection or malignancy. It is important for the diagnostic radiologist to be aware of these lesions, which may mimic underlying neoplasm or infection. Several of these entities include more common etiologies such as organizing pneumonia, Langerhans cell histiocytosis (LCH), pulmonary amyloidosis, and rare entities such as hyalinizing granuloma, tumourlet (benign localized neuroendocrine cell proliferations), atypical alveolar hyperplasia, inflammatory myofibrolastic tumour, papillary alveolar adenoma, plasma cell granuloma, juvenile xanthogranuloma, and sclerosing hemangiomas. Diagnosis of all of these entities can be challenging and often requires a combination of clinical history, radiographic studies, pathology specimens, and advanced immunohistochemical stains.
We present a radiographic and pathologic review of reactive and benign pulmonary neoplastic lesions, including the complex histopathology/immunohistochemical techniques utilised to confirm an underlying diagnosis. We discuss the clinical presentation, prevalence, radiographic clues, pathology, and diagnostic pitfalls of some relatively common pulmonary lesions that may mimic malignancy or infection such as organizing pneumonia, LCH, and pulmonary amyloidosis. Then we focus on rare pulmonary lesions, which are distinct from underlying pulmonary malignancy and infection.
Organizing Pneumonia
Organizing pneumonia (formally known as cryptogenic organizing pneumonia) or bronchiolitis obliterans organizing pneumonia is increasingly recognized as a major cause of diffuse infiltrative lung disease [2] . The average age of onset is approximately 55 years old with men and women affected equally [3] . Clinically, patients present with symptoms such as shortness of breath, fever, malaise, and weight loss. Often these symptoms are preceded by a respiratory tract infection [4] . There is no known association with cigarette smoking, and studies have demonstrated that most patients do not have a smoking history [3] .
Imaging findings of cryptogenic organizing pneumonia are well described. Chest radiography findings include Figure 1 . (A, B) Axial computed tomography on lung windows (kilovoltage peak: 120 milliamperes: 158). Patient is a 60-year-old female with history of renal transplant and worsening dyspnea. Interstitial lung disease was suspected and high-resolution computed tomography was performed. An axial slice on lung windows shows peribronchial opacities with subpleural sparing, and peripheral ground-glass opacities or the reverse halo sign (red arrows). Incidental note is made of small bilateral right greater than left pleural effusions. The focal opacities resolved once additional immunosuppresion was administered, however, there were residual ground-glass opacities resembling nonspecific interstitial pneumonia, and a biopsy was performed. This figure is available in colour online at http://carjonline.org/. bilateral patchy airspace consolidation predominantly in the subpleural and lower lung zones. On CT, the most common imaging presentation of organizing pneumonia is bronchovascular and subpleural ground-glass opacities, which are seen in close to 90% of patients [4] . The ''reverse-halo sign'' has also been associated with organizing pneumonia and refers to central ground-glass opacities within the lung parenchyma surrounded by dense airspace consolidation [5] . Additional CT findings include perilobular opacities, which may also be seen in up to 60% of patients as well as multiple subcentimeter pulmonary nodules (Figure 1 ).
Diagnosis and recognition often requires combining imaging characteristics with clinical presentation as well as a histological specimen. In some groups of patients, a biopsy is required for a definitive, especially if the presentation is multiple pulmonary nodules. It is important to recognize organizing pneumonia as a separate entity from malignancy or infection because the gold standard for treatment is with corticosteroids [4] . While the overall prognosis for organizing pneumonia is good, there have been cases of relapse, as well as cases that have progressed to respiratory failure and death [4] .
Histologically, organizing pneumonia is characterized by the presence of granulation tissue polyps within the small airways, alveolar ducts, and alveoli respiratory bronchioles [4] . These are referred to as Masson bodies, and extend into the alveolar ducts and alveoli. The lung parenchyma adjacent to the affected bronchioles undergoes similar fibroblastic changes within the alveolar airspaces ( Figure 2 ) [2] .
Langerhans Cell Histiocytosis
Another entity that may mimic infection or malignancy is LCH. Pulmonary LCH is an isolated from of LCH that primarily affects predominantly female cigarette smokers [6] . Pathologically LCH is manifested by abnormal nonmalignant proliferation of monoclonal Langerhans cells. The most common symptoms include dyspnea, cough, chest pain, or fatigue. The exact cause of LCH is unknown, although theories range from viral infection, antigen exposure, or somatic mutation. Pulmonary LCH typically affects the upper lobes, likely secondary from inhalation of cigarette smoke.
Imaging findings of pulmonary LCH vary depending on what point in the disease process the patient is imaged. Early imaging findings include multiple nonspecific pulmonary nodules, which progress to cavitate into cysts over time. (Figure 3 ) [6] . The radiographic cysts/nodules may regress, resolve, stabilize, or progress to fibrosis [6] . When LCH presents as a solitary pulmonary nodule, a biopsy is often indicated to exclude an underlying neoplasm [7] . Treatment for LCH is most often with corticosteroids and smoking cessation, which usually leads to symptom stabilization. However, treatment in advanced cases may involve lung transplantation with or without chemotherapy agents [6] . Histology of LCH demonstrates a densely cellular infiltrate of histiocytes and inflammatory cells within the interstitium and alveoli (Figure 4 ).
Pulmonary Amyloidosis
Pulmonary amyloidosis includes a heterogeneous group of disorders, which are characterized by abnormal accumulation of insoluble amyloid protein. The etiology of Pulmonary amyloidosis can be idiopathic (primary) or can result from various inflammatory, hereditary, or neoplastic processes [8] . The respiratory system is involved approximately 50% of patients diagnosed with amyloidosis with a mean age of onset of approximately 55-60 years old [9] . Pulmonary amyloidosis most commonly affects the lung Figure 5 showing the classic apple green birefringence and confirming the diagnosis of amyloid. This figure is available in colour online at http://carjonline.org/. parenchyma but can affect any part of the respiratory tract including the larynx [8e11]. Some authors have split pulmonary amyloidosis into 3 forms based on imaging appearances: tracheobronchial, nodular parenchymal, and diffuse [12] .
Presenting symptoms of pulmonary amyloidosis depend on what part of the respiratory tract is involved. For example, tracheobronchial amyloidosis may present with symptoms of airway obstruction including dyspnea, cough, or recurrent pneumonia [9] . Diffuse parenchymal pulmonary amyloidosis Due to the concern for underlying malignancy the lesion underwent subsequent biopsy. This figure is available in colour online at http://carjonline.org/. The same lesion on a coronal computed tomography, which abuts the posterior pleural surface. Patient is a 64-year-old woman with incidentally found pulmonary nodules on computed tomography performed for unrelated reason. Due to the concern for malignancy, the patient underwent subsequent biopsy. This figure is available in colour online at http:// carjonline.org/.
is the least common form of respiratory amyloidosis, and presents with nonspecific symptoms including dyspnea, cough, or hemoptysis. Nodular parenchymal amyloidosis is generally asymptomatic at presentation [9] .
Chest radiography findings of pulmonary amyloidosis include diffuse small nodular parenchymal opacities, which can be chronic and progressive, and may mimic military tuberculosis, silicosis, or sarcoidosis [12] . CT imaging findings of pulmonary amyloidosis includes dense branching opacities and dense pulmonary subpleural or peripheral nodules at the bases, with associated basal cysts ( Figure 5 ). In addition, calcification or ossification of the pulmonary nodules occurs in up to 50% of patients [8e11]. In most cases treatment is not needed. However, the nodular subtype of pulmonary amyloidosis may slowly progress and requires treatment, which includes surgical resection or laser ablation [8e11]. Because the clinical presentation of amyloid is nonspecific, patients often undergo biopsy for definitive diagnosis. Histological diagnosis can readily be made with Congo red staining and demonstrates green birefringence under polarized lights ( Figure 6 ).
Hyalinizing Granuloma
Pulmonary hyalinizing granulomas are best classified as fibrosing lesions of the lung from an unclear etiology. These lesions are thought to arise from an underlying autoimmune process [13] . Hylanizing granulomas classically occur in middle-aged patients, and present with nonspecific respiratory or general symptoms such as cough, chest pain, dyspnea, hemoptysis, malaise, or fatigue. Imaging findings of hyalinizing granulomas include multiple pulmonary nodules or a single large nodule (Figure 7) [13e15]. Hyalizing granulomas may demonstrate slow growth over time [15] . If the diagnosis is confirmed, patients may respond to corticosteroids. However, definitive treatment is often obtained with surgical resection [14] . Pathologic examination demonstrates classic histological findings such as distinct fibrosing lesions Due to a concern for underlying malignancy the patient underwent subsequent biopsy. of lung, having central whorled deposits of lamellar collagen [15] (Figure 8 ).
Tumourlet (Benign Localized Neuroendocrine Cell Proliferations)
Tumourlets are benign lesions, which occur, in damaged, ectatic small airways. They contain local proliferations of neuroendocrine cells. On imaging, tumourlets classically present as multiple sub-5 mm nodules (Figure 9 ). They are often seen in association with larger neuroendocrine lesions such as carcinoid lesions. Even though tumourlet lesions are often biopsied, there is no significant risk of malignant degeneration of the lesions themselves, despite the association with carcinoid neoplasms [16] . They are more common in women and may also be associated with a demoplastic reaction, which includes associated lung fibrosis or bronchiectasis. Histopathologic findings include small round nests of bland spindled cells with scant cytoplasm. These findings are identical to carcinoid lesions and microscopically are indistinguishable [16] ( Figure 10 ).
Inflammatory Myofibroblastic Tumour
Inflammatory myofibroblastic tumour is an interesting entity, which has been formerly known as plasma cell granuloma. Patients usually present with a productive cough. The lesions are felt to represent benign entities, but case reports of inflammatory myofibroblastic tumours invading local blood vessels have been reported, and thus surgical removal is recommended [17] . Inflammatory myofibroblastic tumours occur in middle-aged adults and are most commonly found in the fifth decade of life. They commonly present as a solitary pulmonary mass, which mimics malignancy (Figure 11 ). If multiple lesions are present, inflammatory myofibroblastic tumours may also be confused with metastatic disease [17, 18] . Histopathologic images reveal a proliferation of spindle cells combined with inflammatory changes. A definitive diagnosis can be made with the imunohistochemical stain ALK1 (Figure 12 ) [18] . In addition to lung lesions, inflammatory myofibroblastic tumours may also arise in the abdominal cavity, retroperitoneum, and the extremities [17, 18] .
Papillary Alveolar Adenoma
Papillary adenomas are extremely rare neoplasms, which typically occur in the peripheral areas of the lung [19] . They are well defined tumours with no cases of reported metastasis [20] . Papillary alveolar adenomas frequently arise from type II Figure 13 . Patient is a 21-year-old male who presented with right-sided chest discomfort. (A) Coned down axial computed tomography on lung windows (kilovoltage peak: 120 milliamperes: 500), which demonstrates a large peripherally calcified mass in the right middle lobe (red arrow). (B) The same lesion on an axial computed tomography on soft tissue windows (red arrow) (kilovoltage peak: 120 milliamperes: 500). (C) Axial positron emission tomography image, which demonstrates mild fluorodexoyglucose avidity. Due to the concern for underlying malignancy the patient underwent subsequent biopsy. This figure is available in colour online at http://carjonline.org/. Multiple additional nodules were also noted (not visualized). Due to the concern for metastatic disease with an unknown primary one of the nodules was sampled. This figure is available in colour online at http://carjonline.org/. pneumocytes, patients are typically asymptomatic, and the lesion is usually identified incidentally in middle to elderly females [21] . Imaging findings are nonspecific and these lesions classically present as solitary pulmonary nodules or masses ( Figure 13 ) [21] . Histopathology shows a circumscribed lesion consisting of a papillary growth of cuboidal to low-columnar epithelial cells lining the surface of a fibrovascular stroma [21] (Figure 14) . However, many patients undergo wedge resection to exclude an underlying malignancy [21] .
Juvenile Xanthogranuloma
A juvenile xanthogranuloma represents an extremely rare entity, which typically presents in patients younger than 2 years old. Most lesions occur within the soft tissues of the extremities and resolve spontaneously. However, the lesions can also occur in the lungs, and involvement of the pulmonary tissues is associated with systemic disease, and has a worse prognosis. Typical presenting symptoms include dyspnea, wheezing, or hemoptysis [22] . Imaging findings in the lung are nonspecific and include multiple simple pulmonary nodules ( Figure 15 ). Treatment is usually supportive. Histological findings include non-LCH with macrophage marker staining and no S-100 or cluster of differentiation 1a characteristic of Langerhans cells (Figure 16 ) [22] .
Sclerosing Hemangioma
Pulmonary sclerosing hemangioma (PSH) (also known as a pneumocytoma of the lung) is a rare benign tumour that Figure 17 . Patient is a 58-year-old female with an incidentally noted pulmonary nodule. (A) Axial computed tomography on lung windows (kilovoltage peak: 120 milliamperes: 220) that demonstrates a pulmonary nodule in the right lower lobe (red arrow). (B) Coronal CT (kilovoltage peak: 120 milliamperes: 220) on lung windows, which illustrates a solid pulmonary nodule in the right lower lobe. Subsequent examinations raised the concern for interval enlargement of the nodule and the patient underwent a right lower lobe wedge resection. This figure is available in colour online at http://carjonline.org/. classically presents in middle-aged adult females. While the lesion is usually asymptomatic, symptoms such as cough, pleurisy, dyspnea, and hemoptysis have been reported. On CT, the lesion presents as a well-defined subpleural nodule or mass with occasional calcifications and a lucent halo. Enhancement is usually heterogeneous (Figure 17 ). Histologically, there are 4 main components: solid, papillary, sclerotic, and hematogenous, with a thin fibrous pseudocapsule ( Figure 18 ) [23] .
Summary
Even though pulmonary nodules are extremely common on CT examinations, it is important for the interpreting radiologist to be aware of other pulmonary lesions, which may mimic infection or malignancy. These entities demonstrate overlapping imaging features, and often a definitive diagnosis cannot be obtained without tissue sampling and unique immunohistochemical stains. In this review, we have seen that radiographic features such as scattered pulmonary nodules, focal consolidation, subpleural or bronchovascular grand glass opacities, and various patterns of adenopathy can be common to a variety of entities. The rare entities described here form an important component of a complete differential diagnosis.
